SUMMARY The aim of this clinical trial was to compare the hard-and soft-tissue effects of 15 month fulltime functional appliance therapy with Twin Block (TB) and Dynamax (Dx) appliances. The effects on both hard and soft tissue were analysed using cephalograms and three-dimensional optical surface laser scans. One hundred and three subjects with a class II division 1 malocclusion, and a minimum overjet of 7 mm were available for analysis following stratified randomization according to gender and age. Data was collected at the start of treatment, 15 month therapy, and after 3 month post-treatment observation. Statistical analysis was conducted using analysis of covariance. The results demonstrated both appliances corrected the overjet with significantly increased skeletal dimensional changes with the TB compared with the Dx with forward movement of pogonion of 5.2 mm (TB) and 0.7 mm (Dx) P = 0.003. In addition, significant changes occurred particularly in the vertical dimension where there was also an increase in total anterior face height in both groups (TB = 6.4 mm, Dx = 5.5 mm) and significant (P = 0.003) mandibular length changes were also observed (TB = 7.2 mm, Dx = 3.8 mm). The cephalometric soft-tissue changes were significantly different between the two appliances at soft-tissue pogonion (TB = 9.8 mm, Dx = 4.6 mm, P = 0.001). Laser scan three-dimansional changes showed significant difference in the lower labial sulcus region where forward movements were observed (TB = 8.2 mm, Dx = 6.2 mm; P = 0.04). Overall these changes appear to be greater and more stable than those achieved in a previous 9 month study.
Introduction
The Dynamax (Dx) appliance has previously being compared with the Twin Block (TB) appliance in a study of 9 month treatment, followed by three months post-treatment observation (Lee et al., 2007) . The removable TB appliance produced rapid occlusal results, and the appliance was well tolerated, with non-compliance rates of only 9% reported. The Dx appliance utilizes a more gradual forward movement of the mandible with less rapid occlusal changes. The multi-centre trial of O'Brien et al. (2003) compared the use of the TB appliance with a control group of mean age 9.5 years. The appliance was worn sufficiently to produce change in the overjet, but was not worn full time throughout the clinical trial, results being reported on average after 18 months, and appliances being worn part time according to operator preference after the initial phase of overjet correction. The skeletal changes were small in both the maxilla and mandible and the vertical dimension was not considered (O'Brien et al., 2003) .
Primate studies have reported on the periods required to complete the histological changes resulting from functional appliances, with the observation that individual animal response is subject to variation, even in controlled laboratory conditions (McNamara et al., 1990) . It was noted histologically that change from cartilaginous to bony growth was ongoing in adolescent Macaque monkeys after 20 weeks of full-time appliance therapy, (Voudouris et al., 2003) . Similarly, histochemical studies on rats have clarified the biochemical changes required to produce additional bone growth, and it has been observed that the duration of treatment required to produce changes in rats is quite protracted (Rabie et al., 2003) . Both rats and other primates have a very much increased metabolism in comparison with humans.
Previous clinical trials have been undertaken over 9 months with TBs, Mini Blocks, and Dx appliances (Gill and Lee, 2005; Lee et al., 2007) and the appliances have been withdrawn for 3 month post-treatment observation, before final records were taken. In the 3 month post-treatment observation, the overjet has been noted to relapse to an extent and there is a reduction in the soft-tissue facial dimensions as recorded by optical surface laser scans, which can identify very small changes accurately in three dimensions Downloaded from https://academic.oup.com/ejo/article-abstract/36/5/512/404700 by guest on 26 December 2018 (3D). The longer term study on the TB appliance of Mills and McCulloch (2000) observed changes in a cohort of 22 patients, 2-3 years after treatment, but the post-treatment care and duration varied, and the study was not conducted as a controlled clinical trial. The post-treatment growth in the antero-posterior dimension of the mandible was slightly less than found in an untreated class II growth study sample, with an unexplained greater vertical facial growth occurring in the post-treatment phase to that seen in the control sample of the Michigan Growth Study.
The current study was undertaken to compare the changes between TB and Dx appliances with a larger sample over an extended period of full-time functional appliance wear of 15 months and in a 3 month post-treatment observation period.
Subjects and methods

Treatment groups
Treatment was targeted at those age groups most likely to respond favourably to the appliances, based on gender and age, using the criteria of previous studies in the same centres. The inclusion criteria were Caucasian adolescents, boys aged 12-14, girls 11-13, a minimum overjet of 7 mm, with no previous orthodontic treatment or extraction of permanent teeth. To avoid any bias in selection, all patients presenting to the department satisfying the selection criteria were invited to participate in the trial. Cephalometric or laser scanning records were not taken until after allocation to appliance type and commencement of treatment. A total of 150 patients were recruited from two centres and offered treatment over a period of 15 months full-time therapy. Randomization was stratified according to gender and age, as without a large sample it is unlikely groups would be well matched for gender, age, and stature, with potential for considerable differences in amounts of growth due to underlying variations in maturity. Pairs of patients were arranged by computer, pairs being established of similar gender and age within 3 months. Each pair was then randomly allocated to treatment with either a TB or a Dx appliance by the computer.
The use of cervical vertebrae maturation or skeletal and soft-tissue characteristics were not considered and allocation was determined strictly by the presence of the overjet and the patients' age. After allocation to an appliance type, initial cephalometric radiographs, laser scans, and overjet measurements were taken and treatment proceeded with appliances being fitted within 4 weeks of the initial records. The patients were instructed to wear the appliances as near full time as possible over a period of 15 months, at which stage final cephalometric records were taken within a 2 week period. Details of the sample are provided in Figure 1 . Eighty patients were treated in the larger centre by two operators in the early stages of training (RG, UQ), supervised by an experienced operator, and at the second centre all patients were treated by an experienced operator (ADB).
No other fixed-appliance therapy or extractions were undertaken during the experimental stage.
Clinical protocol
The trial protocols were similar to that of a previous study over 9 months with identical appliance design. The TB appliance had the bite recorded with maximal forward protrusion using a standardized bite gauge, with an anterior opening of 3-4 mm. In those patients unable to achieve full overjet correction by posturing, the bite was advanced to an edge-to-edge incisor relationship with the addition of acrylic to the upper blocks at the earliest opportunity. Only five patients were unable to achieve this edge-to-edge relationship at the outset, and each had additional protrusion introduced into the appliance within 3 months. The patients were asked to wear the appliances full time, including during eating from the first fitting. The design of the appliance is shown in Figure 2A . The Dx appliances were designed to produce a small amount of mandibular posture and bite opening at the outset, and this is undertaken in the laboratory, with the bite being recorded clinically in centric occlusion. The technician advanced the bite by not more than 3 mm anteriorly on a plane-line articulator, the bite being opened by the minimal amount required to allow a lingual arch module to be inserted. The appliance was worn full time apart from eating, as it was not possible to maintain the appliance during this period. At three monthly intervals, the bite was gradually advanced by 2-3 mm irrespective of the amount of overjet correction required, by an adjustment of the lingual module, until eventually the patient achieved an edge-toedge bite. The design of the appliance was intended to encourage a gradual habitual forward posture of the mandible, rather than to produce a forced forward position, as expected from the TB. The design of the appliances is shown in Figure 2B . All patients were fitted with the appliances within 4 weeks of initial records, the patients with TB being advised to only withdraw the appliance for cleaning and sporting activities, with the Dx being worn apart from the inevitable requirement to remove it for eating. The objective was to maximize the potential for either appliance as would occur in usual clinical practice.
The patients were seen at six weekly intervals throughout the 15 month period with laser scan records, overjet and statural height measurements at three monthly intervals. The reversed overjet, which is the maximal protrusion the mandible can achieve, was also recorded at the same time as the overjet as described by Petit and Chateau (1984) to reduce the likelihood of false overjet recordings due to habitual forward posturing of the mandible. The normal forward movement of the mandible in the glenoid fossa is considered to be 9-11mm. The laser scan images were visible at the time of recording on the computer monitor, with the laser scans being repeated when necessary to provide sufficient definition of the soft-tissue contours and relaxed lip positions.
Record collection
All radiographs were traced and digitized by one individual (RG) with the identity of the patient masked, and the nature of the appliance being unknown at the time of measurement. The lingual arch of the Dx appliance was removed when the final cephalometric radiograph was taken to allow blinding of the assessor. Radiographic measurements were adjusted to correct for magnification factors. Horizontal and vertical measurements were assessed using a previously described technique involving the use of a horizontal line at 7 degrees to S-N with a vertical line being constructed at 90 degrees to the horizontal line at sella (Gill and Lee, 2005) . All linear measurements were recorded from this vertical line, with a vertical measurement being taken from nasion to menton to assess total face height ( Figure 3A and B).
Cephalometric error study
Error studies were carried out to test the reliability of the measurements gained.
About 20 cephalograms were randomly selected from the study sample and were traced and digitized a second time without reference to previous measurements. Three different tests were performed: Dahlberg's estimation, Houston's coefficient of reliability, and paired t-tests. This allowed random and systematic errors to be evaluated. Dahlberg's assessment of systematic and random error showed acceptable levels of agreement. Using Houston's coefficient of reliability, all measurements except for total soft-tissue length had acceptable measurement of random error.
Soft-tissue cephalometric vertical measurements were taken with the antero-posterior position of the nose, lips, and chin recorded.
The laser scan digitization involved the use of coronal and horizontal lines passed over the three-dimensional softtissue scans. The intersection of these lines allows location of the deepest or the most outstanding points on a curvature, with the landmark values being simultaneously presented on the monitor screen to provide an accurate and easy technique for identifying surface points ( Figure 4 ).
Laser scan error study
The validity of optical surface laser scanning as a method to measure three-dimensional changes in facial soft tissues has been confirmed (Moss et al., 1989; Sharma and Lee, 2005) . The method error for this technique within the facial region has been evaluated and determined to be less than 0.5 mm (Moss et al., 1989) .
To minimize error, the laser scanners were calibrated weekly. This involved laser scanning a calibration target of known dimension, and the scan used to assess the accuracy of the scans. Any discrepancy greater than 0.5 mm required recalibration of the scanner.
An error study of the reproducibility of landmark identification was conducted by randomly marking and measuring 20 further scans without reference to the original measurements. Dahlberg's assessment of systematic and random error showed error associated with sub-nasal length, upper lip length, total face height, and upper anterior face height. Using Houston's coefficient of reliability, all measurements, except for lower lip length had an acceptable measurement of random error.
Clinical measurements
The overjet was recorded using a calibrated ruler, held horizontally. The reversed overjet was also recorded at each occasion. Differences in the two measurements of less than 8 mm would require a re-recording of the two values to eliminate unidentified posture, which would result in misleading overjet estimation. The amount of overjet change achieved during treatment did not affect the clinical protocol, and the Dx appliance was advanced intermittently irrespective of overjet change at three monthly periods until an edge-to-edge incisor relationship was achieved, both appliances being maintained full time throughout the treatment, even after full overjet correction.
Statistical analysis
The trial's sample size was calculated using the Stata Programme for calculation of a sample size for two-sample comparison of means (Stata/IC 10). The minimum sample size was estimated to be 100 patients equally distributed between the two groups (50 patients in TB group and 50 patients in Dx group). The sample size was calculated in order to identify a minimum of 2 mm difference in changes in total anterior face height dimension between the two groups when the power of the test was set at 90% and the alpha level at 5% (P < 0.05). Findings on a previous study on the effects of the TB and Dx appliances on the hard and soft tissues were used as a guide for the present study's sample size calculation. Descriptive and analytical statistics were performed using the SPSS programme version 13.0.1. As the data was normally distributed, parametric tests were applied. Analysis of covariance (ANCOVA) was undertaken to explain any differences between the two groups after 15 months treatment. ANCOVA is a development of an analysis of variance, which allows for differences between groups at the outset that might influence the treatment outcome, and in this study, any differences in the initial dimensions were factored in, as the growth changes in particular were being considered. An adjustment of the analysis of one or more prognostic variables is in accordance with the guidelines of CONSORT (Altman et al., 2001) .
Results
Treated groups
A total of 150 patients were invited to the study to minimize the variation in gender and age. Due to failure of initial attendance, 78 patients were allocated for TB therapy and 72 for Dx therapy. The overall number of patients who consented to the trial and had full-baseline records available were 68 and 61 for the TB and Dx, respectively. A total of 15 patients with TB therapy failed to either wear the appliances or complete the treatment with collection of data, as did 11 of the patients with the Dx.
The final analysed sample therefore included a complete data set for 53 TB patients, compared with 50 patients with the Dx. Details of the final samples are shown in Table 1 .
Lateral cephalometric changes 0-15 months
Skeletal. Over the 15 month treatment period, the maxilla had a mean forward movement of 1.3 mm with the TB, and -0.6 mm with the Dx, which was statistically significant (P = 0.04). The chin point at pogonion was moved forward by 5.2 mm with the TB in comparison with 0.7 mm for the Dx, which was highly statistically significant P = .0.003; Table 2 ). The vertical dimension of total anterior face height increased by a mean 6.4 mm with the TB and to a lesser extent by 5.5 mm with the Dx, but this was not statistically significant.
The measurement of articulare to gnathion was statistically significantly greater with the TB, at 7.2 mm compared with 3.8 mm with the Dx (P = 0.03). Soft tissues. The soft-tissue chin and lower labial sulcus had a mean forward movement of the sulcus of 6.4 mm (TB) and 1.0 mm (Dx), P = 0.000 and of pogonion of 9.8 mm (TB) and 4.6 mm (Dx), P = 0.001, a statistically and clinically significant difference between the two groups. The vertical soft-tissue anterior face height increase was not significantly different at 6.9 mm (TB) and 5.8 mm (Dx; Table 3 ). Dental. Both groups had a large overjet reduction with a mean reduction of 6.9 mm TB, and 6.2 mm Dx. A considerable amount of this was due to upper incisor tipping of 5.2 degrees TB and 6.8 degrees Dx with tipping forwards also of the lower incisors of 6.0 degrees TB and 5.6 degrees Dx (Table 2) .
Laser scan changes
The three-dimensional changes from tragus to soft-tissue pogonion were greater in the TB group with a mean increase of 8.1 mm compared with 6.7 mm in the Dx group. Similarly the tragus to sulcus inferiorus increased with the TB by 8.2 mm compared with 6.2 mm Dx (P = 0.0V).
The soft-tissue vertical dimensions in both groups increased by similar amounts by 6.1 mm from soft-tissue glabella to soft-tissue menton (Table 4) .
Changes after appliance withdrawal 15-18 months
Laser scans were taken at the same time as the cephalograms. Additional laser scans were taken from all the patients 3 months later to establish the stability of the treatment changes and eliminate any likely effects of posture. The post-treatment changes in both groups were minimal, with slight reduction in the anterior face height of −0.4 mm TB compared with −1.2 mm Dx, and minimal further increase in mandibular length (tragus-soft tissue pogonion) of 0.2 mm TB and 0.1 mm Dx, respectively (Table 5) . Changes at the sulcus were minimal, with a reduction in the dimensions, TB = −0.2 mm, Dx = −0.1 mm (P = 0.04).
Discussion
Despite the stratified randomization that attempted to minimize any differences in stature, gender, or rate of growth, the final samples were not equivalent. However, the use of 
Skeletal changes
A previous clinical trial had been undertaken in the same department with a similar protocol, recruitment, and data collection (Lee et al., 2007) . The case selection and appliance were identical to allow a comparison between the two trials. The difference was the duration of treatment, with the previous clinical trial involving 9 months therapy, followed by 3 months post-appliance observation, compared with this trial where appliances were maintained for an additional 6 months. Also a larger group of patients were recruited, with a total final sample size of 103 patients compared with 62 in the previous sample, increasing the power of the statistical testing. The differences in the relevant cephalometric measurements are shown in Table 3 . Both treated groups showed clinically significantly greater mandibular length increases than previously reported, particularly in the vertical dimension over the 15 month period, with the TB also showing a significant forward movement of the chin (5.2 mm), which was not evident in the Dx group (0.7 mm). The skeletal changes with the TB were both antero-posterior and vertical, with the Dx being mostly (2003) and Illing et al. (1998) and an incisor spring with the Dx may result in dental and alveolar restraint, whereas the TB in this study had no incisor coverage. Statistically significant results provide positive evidence of a treatment impact, whereas clinically relevant changes will be related to the magnitude of change, and should be considered in comparison with previous clinical trials.
Dental changes
The dental changes between the two groups and the previous trial were also considered (Lee et al., 2007) . In this previous study of 9 month duration, the appliances were withdrawn for 3 months before cephalometric data collection, to minimize any affects of posture. However, during this period, the upper and lower incisors may have moved towards their original inclinations. In contrast to the previous study, the group treated for 15 months had post-treatment cephalograms taken at the time of appliance withdrawal. The changes in inclination of upper and lower incisors is greater than that found with 9 month treatment with both appliances, despite the lack of a labial bow on the TB and the use of a torquing spring on the Dx. Therefore, the torquing spring, which was not activated during the course of treatment, did not limit the tipping of the upper incisors. The high standard deviation in the movement of the lower incisors reflects the considerable individual variation in response to the appliances. The molar relationship was not considered in the analysis due to the significant lateral open bite, which was present at the time of appliance withdrawal in many patients. Considerable vertical movement in the unopposed posterior teeth would be expected in the immediate post-treatment phase, and changes in the molar position should therefore be considered once an occlusion of the posterior teeth has been established. The appliances used were intended to maximize growth changes with additional condylar growth rather than to correct the posterior occlusion, which was planned for correction with appropriate fixed-appliance therapy. The overall changes in overjet were a reduction of −6.9 mm (TB) and −6.2 mm (Dx) from an initial 9.2 mm and 9.1 mm, retrospectively.
Although both appliances were largely successful in correcting the overjet, the mechanism seems slightly different, with A point and the upper incisors being more restrained with the Dx. In the TB group, Pog came forwards approximately 4 mm, and only 1.3 mm in the Dx group-no greater than changes reported by Bhatia and Leighton (1993) in a normal growing group.
It is notable that both appliances produce similar significant increases in lower anterior face height. This is expected with the TB due to the depth of the blocks, whereas the Dx had thin acrylic coverage of all the upper teeth. This is likely to impede eruption of upper posterior teeth and allow free eruption of the lower premolars and second molars, with a subsequent occlusal plane change. Occlusal plane changes can result in overjet reduction, but this was not considered in this study due to the lateral open bite in much of the sample at the time of the final cephalograms. Despite the lack of forward movement of the chin with the Dx appliance, the overjet was still corrected by a combination of maxillary restraint, movement of the upper and lower incisors and vertical growth changes, which was similarly reported for both the TB and Frankel appliances by Toth and McNamara (1999) .
Soft-tissue changes
The changes in facial appearance, which are apparent following therapy are due to changes in the soft tissues, or the dental protrusion. The soft-tissue changes seen are those of forward movement of the lower labial sulcus and soft-tissue pogonion, as well as increase in facial length. It is notable that in this trial and previously conducted trials, that forward movement of the sulcus of the lower lip occurs similar to that of the chin, with increase in the lower lip length as it unfurls. The increased forward movement of the sulcus cannot be attributed solely to tipping of the lower incisors, which has been minimal in this and previous trials of the TB.
An evaluation of laser scans in patients treated with TB and Dx appliance therapy has been undertaken, by orthodontists and lay people (Sattarzadeh and Lee, 2010) . The highest correlation between the change of facial dimensions and perception of improvement by lay people was the increase in the anterior face height with a strong association between improvement in appearance and face height increase. The assessment of facial change as perceived by orthodontists was most closely related to overjet change and it would seem that the positive changes in facial appearance are therefore related to the combined effects of increase in face height and overjet reduction.
The statistically significant differences in forward movement of the chin between the two appliance types and clinically significant changes in vertical dimensions are subject to considerable individual variation. This is inevitable not only due to individual variation in growth response which is expected but also due to compliance with the removable appliance wear, as all patients who continued to attend for adjustments were included in the data analysis, even those not exhibiting complete reduction in the overjet.
Post-treatment changes
The laser scans allow a comparison of the changes achieved during the treatment period and the immediate period following appliance withdrawal, which would identify either skeletal or postural relapse.
In a previous clinical trial using laser scans, changes were identified after 9 months treatment and also after 3 months post-treatment observation. It was noted in individual cases that a reduction in anterior face height and mandibular length occurred in the 3 month observation period, indicating some relapse in the soft tissues. Similarly, the laser scan changes in the 3 months after withdrawal of the appliances in those who had 15 month treatment showed considerable individual variation. The individual responses to therapy show considerable individual variation in magnitude of change as a result of therapy and can be seen in the scattergrams ( Figure 5 ). It is apparent that the changes in soft mandibular length are greater in the individual TB sample. A similar number of patients in both groups showed slight reduction in soft tissue dimensions in this 3 month followup period. The clinical implication of this small relapse needs to be considered in the long term, as the increased growth might not be maintained. There are problems in determining long-term stability given the requirement to treat most of the patients for the residual malocclusion and dental alignment.
Patient compliance
Despite the increased duration of treatment to 15 months, the overall number of patients who were treated and analysed was 78% TB and 82% Dx, which is a higher rate of compliance compared with previously reported non-compliance rates for the TB (O'Brien et al., 2003) . Compliance was particularly better with the Dx, whereas a previous clinicial trial was abandoned due to problems with breakages and toleration of the appliance (Thiruvenkatachari et al., 2010) . The 9 month study (Lee et al., 2007) had breakages occurring in 35% of TB patients and 55% of Dx patients, whereas the 15 month study had breakages in 61% of the TB sample and 88% of the Dx sample requiring replacement appliances in 16% and 43% of the respective groups. These levels of replacement appliances would need to be factored into the cost of extended treatment.
Conclusions
1. Clinically significant skeletal and soft-tissue changes were achieved with 15 month therapy with both TB and Dx appliances. The changes seen were greater with the TB in both antero-posterior movements and vertical movements, both cephalometrically and with laser scans. 2. The antero-posterior movement of the chin with the Dx was not greater than would be expected with normal growth, with the main change seen in anterior total face height. The gradual forward mandibular movement with incremental advancement of the Dx was not associated with more favourable forward growth, or less movement of the incisors. 3. Soft-tissue changes are identifiable with optical surface laser scans with a 3D mean increase in mandibular length of 8.1 mm TB, 6.8 mm Dx. The anterior face height increase with both appliances was equivalent at 6.1 mm. 4. There is a small degree of relapse occurring with both appliances in some individuals in the 3 months after appliance withdrawal but less than previously reported when appliances were worn for shorter period of time. 
